INTRODUCTION
Recent reports describing the presence of bisphenol-A (BPA, Fig. 1 ) in dental materials1) have aroused considerable concern regarding exposure to xenoestrogen by dental treatement2). Feldman et al. 3 ) first reported that BPA acts as an estrogenic substance and can be released from polycarbonate flasks during autoclaving. As BPA is the starting material for manufacture of bisphenol-A diglycidyl methacrylate (bis-GMA, Fig. 1 ), which is often employed as the principal dimethacrylate monomer in dental materials, Olea et al.1) attempted to determine the xenoestrogen in the resin composites and fissure sealants frequently used in restorative and/or pediatric dentistry. They showed in vitro xenoestrogenisity of the bis-GMA based sealant and identified BPA by high performance liquid chromatography (HPLC) and gas chromatographymass spectrometry (GC-MS). Furthermore, they demonstrated that BPA up to 931 Fig. 1 trast, bis-GMA eluted with 80% methanol and no apparent bis-GMA band was observed in the 60%-and 70%-methanol fractions (lanes 3 and 4). These results indicate that BPA can be separable from the major component bis-GMA using the Sep-Pak cartridge. However, 2-HEMA and TEGDMA, which are the common monomers added to bis-GMA based dental resins, were eluted in the fractions where BPA appeared (data not shown).
Detection of BPA in bis-GMA Since the ether bond of bis-GMA appears to be stable to chemical8) and biochemical9) degradation, it is possible for dental materials to be contaminated with BPA that is originally present in the monomer bis-GMA as an impurity. Thus, we tried to detect BPA in the commercially available bis-GMA. A portion of bis-GMA (1mg) was ap- plied to the Sep-Pak cartridge and the 40 to 70% methanol fraction was obtained. Extracts were further derivatized by silanized reagents and subjected to GC-MS analysis.
The TMS derivative of authentic BPA showed a single peak at 13.3min on an apolar column (Fig. 3) . The electron impact (EI) mass spectra of TMS-BPA indicated ions at m/z 372 as a molecular ion (M+), m/z 357 as a base peak and other relative minor ions, such as m/z 171, m/z 191, and m/z 207. The TMS derivative of bis-GMA extracts showed a peak at 13.3min on the total ion chromatogram, suggesting that EI mass spectra appeared to be identical to TMS-BPA in terms of the ion fragmentation and relative abundance (Fig. 4) . These results indicate that bis-GMA actually contains a certain amount of BPA. The mass chromatography using the base peak ion revealed a single peak at 13.3min indicating that BPA was only the component showing a fragment ion of m/z 357 in the bis-GMA extracts. 
Detection of BPA in Dental Materials
We next attempted to determine whether BPA could be detected in unpolymerized dental materials. A typical result from GC-MS analysis of dental materials is shown in Fig. 5 . No obvious peak was observed on the total ion chromatogram when a silanized sample of a fissure sealant was introduced to GC-MS (Fig. 5, lower panel) . However, a peak having a retention time of 13.3min, exactly same as that of authentic BPA standard, was observed on the mass chromatogram at m/z 357 (Fig. 5, upper panel), indicating that trace amounts of BPA are present in commercial dental materials. We also determined peaks of TEGDMA and 2-HEMA, components that may interfere with BPA detection by HPLC, on the total ion chromatogram (Fig. 5, lower panel). These peaks were well separated from BPA; thus, the present procedure using a capillary GC column is suitable for microanalysis of the xenoestrogen in dental materials. 
DETECTION OF BISPHENOL-A IN DENTAL MATERIALS
No obvious evidence showing the presence of BPA in bonding agents or composite resins was detected by GC-MS analysis at the scan mode. However, selective ion monitoring (SIM) analysis using a BPA-derived specific ion, m/z 357, revealed a peak showing the same retention time as that of authentic TMS-BPA not only in the sealant but also in the other materials, such as composite resins and a bonding agent used in this study (not shown).
Quantitative Analysis of BPA in Dental Materials
To analyze the concentration of BPA in dental materials, we utilized D-BPA as an internal standard. The TMS derivative of D-BPA that eluted from the GC capillary column faster than the TMS-BPA, resulting in good separation of these compounds on the chromatogram.
The ratio of the base peak to the molecular ion was similar when TMS-BPA and its deuterium labeled compound were compared. Thus, we used ions of m/z 357 and 368, the base peaks of TMS-BPA and TMS-D-BPA, respectively, in the following SIM analysis. A certain amount of authentic BPA and the fixed amount of the internal standard were dissolved in 40% methanol and subjected to the Sep-Pak extraction. Although TMS-derivatives of the standard revealed fluctuations in the absolute intensities of the signal, the ratio of BPA to D-BPA was apparently stable (variations were within 10% of mean values). In addition, the absolute intensity of the D-BPA derived peak in samples from which dental materials were extracted was higher than that in the standard alone. These results indicate an adsorptive property of BPA during the extraction procedure. On the other hand, D-BPA was shown to contain approximately 2.3% of BPA as an impurity, which was calculated from an absolute calibration curve of the authentic standard.
Therefore, correction of the standard curve was carried out accordingly.
The presence of BPA in the internal standard raised the question of reliable quantification.
Therefore, a confidential limit of BPA in the present system was set tobe 1ng/mg material; more than the amount derived from the internal standard, since 50ng of D-PBA may contain 1.2ng BPA.
We analyzed the BPA content in 3 brands of the fissure sealant, 3 composite resins, and one dentin bonding agent. Unpolymerized dental materials showed a variety of BPA contents ranging from less than 1ng/mg material to about 20ng/mg material (Table 1) . There was no correlation between the type of material and BPA content. In addition, different brands of fissure sealant from the same company showed obviously different BPA contents; specifically, the older brand, Teeth Mate A, was shown to contain about 20ng/mg material, and less than 1ng/mg material was observed in the newer brand, Teeth Mate F-1
Next we attempted to determine the BPA amount leached from polymerized dental materials. A resin composite and fissure sealants that showed relatively high concentrations of BPA were polymerized in glass tubes by visible light radiation for 1 min. Substances leaching out of these polymerized materials into PBS were subjected to extraction followed by GC-MS analysis (Table 2 ). Up to 91ng BPA/g material was released in vitro during 24h incubation.
Further elution of BPA was observed when the polymerized resin composite was immersed in fresh PBS and incubated for another 24h; however, the leachable amount decreased by 65% (not shown).
DISCUSSION
Conflicting reports by different laboratories may be the result of investigations with unreliable methodologies for BPA analysis in dental materials. In the previous paper1), OF 
